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BaH KPUTEPHI OLIEHKH M3HOCA EAMHWYHBIX PE3L0B J0J0Ta
B 1I€JIOM B 3aBUCUMOCTH OT BpeMeHH OypeHHs pa3IuuHbIX
HOPOJ M KOHCTPYKIMHU JojoTa. Ha ocHOBe 3kcneprmMeH-
TaJIbHBIX JIAHHBIX MOCTPOCHA (YHKLHUsSI M3HOCA €IUHHY-
HBIX PE3LOB U /10J0Ta B 1eioM. OnpeneneHsl TpeOoBaHus
K KOHCTPYKLIMM HMHCTPYMEHTa, KOTOpble 00ECIe4nBaiOT
YBEIIMUCHUE BPEMEHH HCIIOIb30BaHUs JI0JI0TA.

Hayunasi HoBuM3HA. Panmonammsarms omvcaHus Ipo-
Iiecca M3HOCA KaK eIMHMYHBIX PE3IIOB, TaK U JIOJOT B Iie-
JIOM, a TaKKe pa3paboTKa KPUTEPHsI OLIEHKH U3HOCA JI0JI0Ta
MO3BOJISIET ONTUMHU3HUPOBATh KOHCTPYKLIUIO HHCTPYMEHTA.
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MPOIIECIB PO3EPAKYBAHHSI JIETAJIEA

Purpose. Evaluation of the adequacy of the statistical simulation modeling method developed for examining the
measurement error effects on the results of components presorting while their acceptance inspection.

M ethodology. Parameters of components presorting calculated by statistical modeling method are compared with
parameters of presorting which were determined by common alternative methods:

- graphic-analytical — according to the National Standard TOCT 8.051-81 (appendix 2);

- numerical integration of definite integrals in the equations of the mathematical model of the process.

Findings. For the purpose of the measurement error distributions according to the normal law as well as equal
probability law it is shown that the calculated parameters do not differ significantly from the parameters listed in the
standard. Thus the adequacy of the statistical simulation modeling method is confirmed.

It was found that the method is distinct in simplicity of calculations on a PC, clearness of the obtained results and
the possibility of their accurate interpretation.

The statistical simulation modeling method can be used for modeling of both random and systematic measurement
erTorS.

Originality. The mathematic models and statistical simulation modeling methods of acceptance inspection of the
geometries of components and calculation of the parameters of their presorting are developed.

Practical value. On the basis of the developed mathematical models, the guidelines on the computer modeling using
the method of Monte Carlo presorting processes during the acceptance inspection are compiled. The realization is car-
ried out on the basis of Microsoft Excel program. Methodical instructions are used in academic activities. They can be
used in the process of drafting business plans for making decisions during pre-production, which is characterized by a
stochastic character, including for the purposes of enterprises of mining machinery.

K eywor ds. acceptance inspection, statistical modeling, presorting, measurement error, adequacy

Problem formulation. Quality of engineering pro-
ducts equally depends on technology of its manufac-
turing and control effectiveness. Prestart passive

acceptance control is widely used by manufacturers and
consumers of production. The components or their
geomeytrical elements are sorted into accepted and non-
acceptable ones during the reception control.
Measurement error of components controlled
geometrical parameters leads to acceptance of compo-
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nents, which are considered as corresponding to the
accepted tolerance, however the true deviation is out of its
limit. The same way some number of components, with
dimentions inside the tolerance zone, but close to limits,
are faultily recognized as defective. The measurement
error influences negatively the technical and economic
indices and leads to unjustified excessive costs.

Analysis of recent researche and publications. The
detailed analysis of publications, which describe design
methods for components presorting probabilistic.
characteristic for different distribution forms of
parameters measured and measurement error, is shown at
the work [1, 2]. It is mentioned that the complication of
the probabilistic characteristic calculation is in
calculation of multivariate integrals at analytical form
even for the easiest laws of distribution.

Approximate calculative methods are graph-analytic
and tabulated ones.

The main disadvantage of these methods is inadmis-
sible level of calculation errors of component presorting
probabilistic characteristic (up to 10%).

Later numerical methods were suggested, including
the method based at factorizing to Taylor series density
of distribution of parameter controlled within tolerance
limits, and matrix technique. At the work mentioned the
particularized program based at Delphi 7 is suggested for
estimating of the quantity of wrong accepted and wrong
rejected details.

So, today the common control calculating methods of
probability characteristics are used for different kinds of
distribution law of parameter measured and measurement
error or in the form of bulky analytical expressions, nu-
merous tables, diagrams, or on terms of using of speciali-
ty application-dependent software.

Not previously solved issues of main problem to
which the article is devoted. To overcome the mentioned
difficulties, authors suggested to use simulation statistic
method, adapted for components or their elements presort-
ing processes and realized by Microsoft Excel program.

The positive results were partially published earlier [3].
At the same time the questions of comparison with the Na-
tional Standard I'OCT&8.051-81 recommendations and ade-
quacy of method developed were not considered in litera-
ture.

Task description. The tasks of this article are:

1. To determine indices used with simulation statistic
methods, which characterize the accuracy of component
technical producing process and measurement error
according to the National Standard T'OCT 8.051-81
recommendations (apprndix 2).

2. To compare calculated quantities of wrongly
accepted and wrongly rejected details with the same
facts, which the Standard mentioned contains and to
estimate adequacy level of the method developed.

In fig. 1-2 the common (National Standard
T'OCT 8.051-81) dependences of indices m and n from
technology accuracy are shown, where:

m — number of accepted components (percentage),
whose measurements are out of tolerance zone limits and
accepted as suitable (wrongly accepted);

46

n — number of rejected details (percentage), whose
measurements are within limit parameters (wrongly re-
jected).

Fig. 1. Common dependence index “m” on technolo-
gy accuracy index 1T/c,,,.,. while different value of
parameter Aygry: 1— Amereo =16%,; 2 — Amers
=12%; 3 — Amero = 10%; 4 — Amero = 8%, 5 —
Amer = 5%, 6 —Amereg = 3%, 7 —Amero = 1,6%

To use the graphs we should calculate the ratio:

- IT /o,.x — technology precision factor, where IT is
tolerance value, o, — standard deviation of the compo-
nents’ demensions;

- Amete) = (o/IT )-100, where ¢ — standard deviation
of measurement error.

Description of main investigation material with prov-
ing of the obtained results. Simulation statistic modeling
of presorting processes are made as applied to shaft
&100A46(,022) production, because this example is shown at
appendix 2 to the National Standard 'OCT 8.051-81.

Let us suppose, that acceptance limits concur with limit
deviation: upper (es = Opm) and lower (ei = — 22um). In this
case the tolerance /7 is equal es —ei =22um.

q ”"""”'n '
|
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Fig. 2. Common dependence index “n” on technology
accuracy index IT/o,,.. while different value of pa-
rameter Aygr: 1 — Awerg = 16%;, 2 -
Amerg = 12%; 3 — Averio = 10%,; 4 — Avero = 8%,
5 — Amere = 5%, 6 — Averg = 3%, 7 — AMETo =
1,6%
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The method is realized in Microsoft Excel software,
using additional function “Analysis package”. The elec-
tronic table is created. Its separate fragments are shown
in table 1. The table lines show the results of component
production and measurements modeling. The columns
show the results of statistic modeling. Therefore Elec-
tronic table is simulation statistic model of component
measurement and control.

Suppose that in column 2 the true deviation values
from rating value are modelled. In real conditions of
measuring there is no possibility to do that.

In the dialog box from “Analysis Tool Pack” —
“Random Number Generation” fill in the following mar-
gins:

e number of Variables — 1 (variable is one — true de-
viation from rating value);

o number of Random Numbers — 5000 (Sample Size);

o distribution — normal (suppose, that there is no
dominating factors, which influence deviation from aver-
age value);

o distribution parameters: average value (average)
and standard deviation (stdev).

Table

Electronic table of simulation statistic modeling of the production, control and presorting process
of shaft J 100h6 (to reduce the table volume part of lines is not shown)
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1 2 3 4 5 6 7 8 9 10
Shaft 1 -14,0 1 5,0 -9,0 1 0 0 1 0
Shaft 25 -3,6 1 43 0,7 0 0 1 0 0
Shaft 26 -17,1 1 1,3 -15,8 1 0 0 1 0
Shaft 320 1,4 0 -2,6 -1,2 1 0 0 0 1
Shaft 4997 1,4 0 -2,6 -1,2 1 0 0 0 1
Shaft 5000 -5.5 1 2.5 -3,0 1 0 0 1 0
Sum total details at 4743 Sum total details at col- 4086 500 412 3935 151
column 3 umn 6
Sum total Sum total
at column 3, % 86,94 at column 6-10, % 81,72 10,04 8,24 78,7 3,02

Average value of deviation from rating value is taken
as equal to the coordinate of center of tolerance zone, pm

_es+el 0+(-22)
2 2

-11.

High level of tuning of technological production pro-
cess is supposed. Also, the low level of tuning can be
modeled. High level of tuning of technological produc-
tion process is supposed.

Standard deviation cam be modeled for technological
processes, which differ by accuracy level:

¢ lower accuracy, when the ratio of tolerance zone
value I T to standard deviation cygx is less than 6;

e normal accuracy (ratio of of IT/c,, is equal to 6);

o higher accuracy (ratio of | T/o, is more than 6).

In the example from table 1 lower technology accura-
cy level is accepted, when the ratio mentioned is equal to
3 (to compare with data in fig. 1-2).
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Then standard deviation will be, pm

1T
_g:7’33.

Omex =737 = 3

The results of statistical modeling of shaft deviation
from rating value in case of measurement zero error are
in column 2. Capacity of values is 1 digit after comma,
that is 0,1 pm, which is enough for accuracy of modeling
deviation from rating value.

In column 3 the shaft acceptability is estimated by 2
point scale: acceptable components get point 3, = “1”, and
unacceptable once get point B, = “0”. True deviation value
from the rating value of the good detail e, is within toler-
ance zone.

So to complete column 3 electronically we use the
formula

IF(es>= ¢, >=€i;1;0),

where € is true deviation from the rating value.

47




TEOTEXHIYHA I TIPHUYA MEXAHIKA, MAIWWHOBYAYBAHHA

The sum of points in column 3 (4743) shows the part
of valid components for selected accuracy of technology
for modeling.

In column 4 measuring error of the shaft is modeled.
For modeling the “Analysis Tool Pack” —“Random
Number Generation” is used, too. Filling the correspond-
ing margins:

e number of Variables —1 (variable is one — true devi-
ation from the rating value);

e number of Random Numbers —5000 (Sample Size);

o distribution—normal (suppose, that there is no dom-
inating factors, which influence at deviation from the av-
erage value).

In the process of further research, the uniform dis-
tribution was used for modeling random error. It is rec-
ommended to use this approach, when there is no authen-
tic facts about the kind of distribution.

Column 5 contains total results of measurement
(measurement error is not equal 0) deviation from the rat-
ing value. Here we sum up the results line from corre-
sponding cells of columns 2 and 4.

In column 6, the component acceptance estimation is
done by results of measurement taking into account the er-
ror. Valid components get point 3,4 = “1”, and unaccepta-
ble ones get point B,q = “0”. Real deviation value from the
rating value of the valid component e,q is within the toler-
ance zone. The point is determined, using formula

IF(es>=e  >=¢i;1,0),
ad

where €4 is real deviation from the rating value.

The sum of points in column 6 (4086) shows the part
of valid components for selected accuracy of technology
taking into account measurement errors. The difference
between sums in columns 3 and 6 demonstrates meas-
urement error reduction (in our example for 5,2%).

Then percent of wrongly accepted and wrongly re-
jected components is discovered. For that, we use formu-
las, which show logical conditions:

o rightly rejected details should have point “0” in col-
umn 3 and 6;

o wrongly rejected details should have point “1” in
column 3 and point “0” in column 6;

e rightly accepted details have to have point “1” in
columns 3 and 6;

o wrongly accepted details should have point “0” in
column 3 and point “1” in column 6.

Statistic modeling results are shown in the last line of
the imitation table at crossing with columns 6-10. In our
example it is m=3,02% and n= 8,24%.

To determine the sample size adequacy, confidential
interval value was calculated when estimating index m
and n for different quantity of details. It is defined that
calculations accuracy of m and n depends on the sample
size and 1000 is enough for it. It corresponds to the cen-
tral limit theorem in statistics.

In fig. 3—6 point estimations of presorting indices m
and n are shown, which were calculated by statistical
modeling method for normal and uniform distribution of
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random measurement error versus the National Standard
I'OCT 8.051-81 graphs.

Diagrams in fig. 5-6 show that the results differ by a
decimal of percent. The main reasons for the insignifi-
cant difference are:

- Diagram curves at approximate the calculated data,
found by numerical integration method, and that is why
they do not intersect at the considered points.

- The authors of the National Standard applied home
displacement by ordinate axis at 0,27% (for index m
diagram).

- Displacement leads to the negative value of index m,
which does not correspond to the physical meaning of the
index, because part of wrongly accepted details cannot be
negative.

Due to this it is possible to maintain that simulation
statistical modeling method allows to estimate presorting
indexes more accurately than the graphic-analytical
method which is described in the appendix to the
National Standard T'OCT 8.051-81.
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Fig. 3. Point estimation of presorting index m for the
normal distribution law of random measurement
error if: 1- Avere)= 169%; 2 — Avere = 1,6%

n,%
8 o
/“!\ 1
F—
6 LI/
/ \
\
| }
4 / N
2
o2 2
0

2 4 6 IT/omy
Fig. 4. Point estimation of presorting index n for the

normal distribution law of random measurement
error if: 1- Amere) = 16%; 2 —Amere) = 1,6%
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Fig. 5. Point estimation of presorting index m for the
uniform distribution law of random measurement
error if: 1— Avere) = 16%, 2 —Avete) = 1,6%
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Fig. 6. Point estimates of presorting index n for equal
distribution law of random measurement error if:
1— AmeT0) = 16%, 2 —AmET0) = 1,6%

Resume and prospects for future developments in
thes direction.

1. Adequacy of statistic modeling method is
confirmed, because calculated indices m and n do not
essentially differ from parameters of the National
Standard 8.051-81 for distribution of random error for
the normal law and equal probability law.

2. Simulation statistic modeling method has certain
advantages and prospectives, such as:

- the structure transparency of simulation statistic model
allows to include additional blocks into the model composi-
tion if necessary, which takes into account the new factors
of additional properties of the simulated object;

- the obviousness and traceability of modeling results,
which essentially increase adequacy of the received re-
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sults because it allows to analyze influence of every sin-
gle factor at forming of final result step by step;

- possibility to use this method in describing process-
es and devices which belong to the adjacent areas of ma-
chine-building, for example, to study of problematic as-
pects of prestart control of tooth gear profile geometrical
parameters;

- using built-in Microsoft Office Excel functions
which allows to essentially facilitate program realiza-
tion of investigated simulation statistical model with-
out accuracy losses and as a result reduce require-
ments for the qualification level of the engaged staff
to bachelor level;

- there is no necessity to purchase special high-cost
software and engage high-qualified programmers.

3. Simulation  statistic  modeling method of
measurement and control process is implemented into
educational process of the National Mining University. It
can be used in technological preparation of a new
product manufacturing while choosing the corresponding
measuring  instrument characterized by optimal
combination of instrument accuracy and its cost.

4. Further development of simulation statistical mod-
eling method is necessary for:

- using it in researching adequacy of components pre-
start control quality, which differ by higher constructive
and technological complexity, for example, involute
gearwheel;

- automation of time-consuming calculation on PC
using Office Microsoft Excel or MathCAD software.
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Mera. OmiHKa aeKBaTHOCTI PO3POOJIEHOTO METOMY
IMITAI[iiHOIO CTATHCTHYHOIO MOJEIIOBAHHS, 3aCTOCOBA-
HOTO JUIsi BUBYEHHsI BIUIUBY NMOXHOKM BHUMIpPIOBaHHS Ha
pe3ynbTatd po30pakyBaHHA JAeTajeil MmpH ixX mpuitmalib-
HOMY KOHTPOJII.

Metoaunka. O6uucneHi po3pobIeHNIM METOIOM CTa-
TUCTHYHOTO MOJICIIOBAHHS TMOKa3HUKH pO30paKyBaHHS
JieTajnel 3icTaBieHi 3 MOKa3HUKaMH po30paKkyBaHHS, IO
oJleprKaHi BIIOMUMH aJbTEPHATUBHIMHU METOIAMHU:

- rpadoananiTnuanm — 3a TOCT 8.051-81 (nomarok 2);

- YUCENIPHUM IHTETPYBAaHHIM BHU3HAYCHUX IHTETPaliB
Y PIBHSAHHIX MaTeMaTHYHOI MOZEJIi IPOLIECy.

Pe3yabTaTn. I[lokaszaHo, mo po3paxoBaHi mapameTpu
HECYTTEBO BIAPI3HAIOTHCS BiI MapaMeTpiB, HABEACHUX Y
CTaHIAPTI, I PO3MOALIIB MOXUOKH BUMIPIOBAHHS SK 32
HOpMAaJIbHIM 3aKOHOM, TakK i 3a 3aKOHOM piBHOT HMOBIp-
HocTi. TUM caMMM HiITBEPIKEHO aJeKBaTHICTh METOMY
CTaTHCTUYHOTO IMITallifHOTO MOJICITIOBAHHS.

BcranoBneHo, 1m0 BKa3aHWI METOJ BIIPI3HSAETHCS
MPOCTOTOK po3paxyHKiB Ha [IEOM, HaO4YHICTIO OTpH-
MaHHUX pe3yNbTaTiB i MOXKIHUBICTIO iX TOYHOI iHTEpmpe-
Tarmii.

Merton iMITAIiHHOTO CTATHCTHYHOTO MOIEITIOBAHHS
MOXxe OyTH JOCHTh NPOCTO aJalTOBAHUM I MOJAENIO-
BaHHS SK BUIIQJIKOBHUX IOXHMOOK BUMIPIOBaHHA, TaK 1 CHC-
TEMAaTUYHHX.

HayxoBa HoBm3HA. Po3po0iicHI MaTeMaTHYHI MOJIENi
Ta METOAMKH IMITallifHOTO CTaTHCTUYHOTO MOJIEITIOBAHHS
NPUHMAaIbHOrO KOHTPOJIO T€OMETPUYHUX EJIEMEHTIB Jie-
TaJiell 1 po3paxyHKiB MapaMeTpiB iX po3OpaKyBaHHI.

IpakTuuna 3HaynmicTb. Ha ocHOBI po3pobienux
MaTEMaTHYHUX MOJEIEH CKIIaneHl METOINYH] BKa3iBKH 3
KOMI'IOTEPHOTO MOJENIOBaHHA MeTomoMm MonTte-Kapio
mpoIieciB po30paKkyBaHHS MPH MPUHMATEHOMY KOHTPOI.
Peamizamiss 3ailicHeHa Ha OCHOBI mporpamu Microsoft
Excel. MoxxiuBe 11 3aCTOCYBaHHS IPHU CKJIagaHHI Oi3HeC-
TUIAHIB JIJIsl IPUUHATTS PIllIeHb y TEePioj MiJArOTOBKH BH-
POOHUIITBA, 110 XapAaKTEPU3YETHCS CTOXACTUYHHM Xapa-
KTEpOM, y TOMY YHCII W JUIS TiJIPHEMCTB TipHHYOTO
MarHOOY/ Ty BaHHSI.

KarouoBi cioBa: adexsamuicme, npuiiManbHuii Ko-
HMPOJb, CMamucmuine MoOento8ants, po3opaKo8yeaH-
H3l, NOXUOKA BUMIPIOBAHD

Hens. Ouenka agexkBaTHOCTH pa3pabOTaHHON METO-
JIMKH AIMUTAIIMOHHOTO CTATHCTHYECKOTO MOJIEITMPOBAHHMS
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JUIsL U3YyUYEHHUS BJIMSHUS MOTPEIIHOCTU U3MEPEHNUS Ha pe-
3yJbTaThl Pa30pakOBKW A€Taled MPH WX MPUEMOYHOM

KOHTpOIIE.
Metoanka. BelunciieHHbIE METOJIOM CTATHCTHYECKOTO
MOJICJIAPOBAHMSA  [MOKa3aTeId  Pa30paKkOBKH  JICTaNCH

COTIOCTABIICHBI C MOKA3aTesIMU Pa30paKOBKH, OIpEIeieH-
HBIMU NU3BECTHBIMHU aJIbTCPHATUBHBIMU METOIaMU:

- rpadoanamuTraeckuM no 'OCT 8.051-81 (mprutorke-
Hue 2);

- YHCJIEHHBIM MHTETPUPOBAHUEM OIpPECIICHHBIX HH-
TErpajJloB B ypaBHEHMSX MaTeMaTHYeCKOH MOAeIH
mporuecca.

PesyabTarsl. [lokazaHo, 9TO paccyWTaHHBIE Tapa-
METpBl HECYIIECTBEHHO OTJIMYAIOTCS OT MapaMmeTpoB,
NPUBEICHHBIX B CTaHJIapTe, A paclpeAcieHHi IMo-
TPEIIHOCTH HM3MEPEHHsI KaK MO0 HOPMAJIBHOMY 3aKOHY,
TaK U 10 3aKOHY PaBHOM BEPOSATHOCTU. Te€M caMbIM IMOA-
TBEP)KJCHA aJEKBAaTHOCTh METOAAa CTaTHUCTUYECKOTro
UMUTALUOHHOI'O MOJACIIUPOBaHM.

VYCTaHOBJIEHO, YTO YKa3aHHBII METOA OTJIMYAETCS
npoctoTol pacuetoB Ha [IOBM, HariasaHocThiO moiy-
YEHHBIX pE3yJbTaTOB U BO3MOXKHOCTBIO HX TOYHOU
HMHTEpIpETaLHN.

MeTo MMHTAIMOHHOTO CTATHCTHYECKOTO MOICIHPO-
BaHUS MOXET OBITh NPUMEHEH JUISI MOJEIMPOBAHUA Kak
CIIy4YailHbIX IOIPEIIHOCTEd H3MEpEHMs, TaK U CUCTeMa-
THYECKHX.

Hayunasi HoBu3Ha. Pa3paboTaHbl MaTeMaTHUECKHE
MOJIeTM ¥ METOJUKU MMUTAIMOHHOTO CTaTHCTHYECKOTrO
MOJICIUPOBAaHUsI  NPHEMOYHOTO  KOHTPOJS  IeoMeT-
PUUYECKUX SJIEMEHTOB JAeTaleil M pacueToB MapaMeTpoOB
nX pa3OpaKoBKH.

[pakTnyeckass 3HAYAMOCTb. Ha ocHOBe pa3pabo-
TaHHBIX MaTEMaTHYECKUX MOJIENIEH COCTaBIEHbl METOIU-
YECKHE YKa3aHWs 10 KOMIIBIOTEPHOMY MOAEIHPOBAHUIO
MeTogoM Momnrte-Kapino mpomeccoB pa3OpakoBKH IIpH
NPUEMOYHOM KOHTpone. IIporpammuas peanusanust
ocyirecTriieHa B cpeae Microsoft Excel. BosmoxkHo ee
IPUMEHEHHE NPU COCTABICHUM OW3HEC-IUIAHOB IS
NPUHITUSL PpELIeHUuil B IEpHOA MOATOTOBKH IPOU3-
BOJICTBA, KOTOPOE XapaKTepU3yeTCs CTOXaCTHUUYECKHM
XapakTepoM, B TOM UHUCIIE U A NPEANPHUSITUN TOPHOro
MAaIIXHOCTPOCHHUS.

KaioueBble ciioBa. aodexgsamuocmv, NpuemMoyHblll
KOHMPOIb, Cmamucmuyeckoe Mooenuposanue, pazopa-
KOBKA, NOZPEUHOCb UBMEPEeHUl

Pexomendosano 0o nybaikayii 0okm. mexH. HAyK
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